We report the synthesis of CaMn0.9Mo0.1O3 manganite by glow discharge (GD) plasma treatment under Argon-Air atmosphere. The morphological, structural and magnetic properties were evaluated by scanning electron microscopy (SEM), X-ray diffraction (XRD) and magnetization measures. The results from these measures reveal that the properties of GD synthesized manganite are similar to that exhibited by CaMn0.9Mo0.1O3 produced by conventional resistive furnace. The Rietveld analysis of XRD patterns performed at room temperature show that the samples crystallize in orthorhombic structure of Pnma (62) space group. The magnetization curves as a function of temperature show two inflection points related to paramagnetic-antiferromagnetic and structural transition. The GD treatment produces a compound with similar properties, reducing the time and energy consumption in comparison with conventional synthesis route by using resistive furnace.
Introduction
Manganites with perovskite-like structure AMnO 3 have been studied extensively due to their remarkable and wide range of physical properties, such as magnetocaloric effect [1, 2] , colossal How to cite: Supelano-García, I. , Aperador-Chaparro, W.A., Parra-Vargas, C.A. and Sarmiento-Santos, A., Glow discharge effect on temperature and time of treatment for the synthesis of Mo-doped manganite. DYNA, 86(209), pp. 225-229, April -June, 2019. magnetoresistance [3, 4] and insulator-metal transition [5, 6] . Amid manganites, the CaMn 0.9 Mo 0.1 O 3 (CMMO) based on CaMnO 3 has been synthesized as single crystal [7] and polycrystalline [8] . CaMnO 3 crystallizes in orthorhombic structure at room temperature, it exhibits antiferromagnetic 226 (AFM) G-type ordering and Neel temperature (T N ) at 130 K [9] . The CMMO displays an orthorhombic to monoclinic structural transition (Pnma -P21/m) at T E =283 K, due to an ordering of the occupied e g orbitals inside equatorial planes. The CMMO exhibits AFM-C type ordering at T N =165 K [10] . The properties of perovskites can be affected by the synthesis route. For example, it is known that sintering of La 1-x Mn 1-x O 3 perovskite under oxygen atmosphere varies the Mn 3+ /Mn 4+ ratio, changing the electrical and magnetic properties [11] .The most popular synthesis route to produce CMMO is the usual solid state reaction method in which the long time and high sintering temperatures of production are required to favor the grain growth. There are other routes to produce ceramic perovskites; for example, spark plasma sintering and thermal plasma assisted heating have been used to produce dense systems based on LaMnO 3 compound [12, 13] , the glow discharge (GD) has been applied in the sintering of materials [14] . According to the literature, the GD has been applied in diverse fields of science and technology, mainly in surface treatments, deposition processes, analytical techniques, heat transferring and sintering of materials [14, 15] .
In a previous paper [16] , we have used the GD and a resistive furnace in the synthesis of CMMO. The aim of this work consists in the synthesis of CMMO by the sole use of GD and the evaluation of its structural, morphological and magnetic properties.
Materials and methods
The CaMn0.9Mo0.1O3 perovskite was prepared with CaCO 3 (99.9999%), MnO 2 (99.99%), and MoO 2 (99%) oxides in powder. These oxides were dried, weighed in stoichiometric amounts, mixed and ground for 2 h in agate mortar. The mixture was compacted into a double effect cylindrical matrix. Finally, after several tests, the following synthesis conditions were set: a sample was heated at 700 ° C for 30 min, then, the sample was cooled and re-milled for one hour, finally it was compacted; subsequently, the sample was heated at 900 °C for 60 min; the sample obtained was labeled as CMMO-A. A second sample was synthesized by eliminating the intermediate grinding between heated treatments at 700 °C and 900 °C, the sample obtained was labeled as CMMO-B. The heating treatments were performed in GD using a reactor, the experimental setup is depicted in Fig. 1 . The heating at 700 ° C was carried out under air in a controlled flow rate at 100 mL/min, with 460 V discharge voltage, 0.17 A discharge current and 2 Torr pressure; the heating at 900 °C was carried out under air (30%) -argon (70%) mixed flux with 550 V discharge voltage, 0.31 A discharge current and 3 Torr pressure. The heating/cooling rate was adjusted to 22.5 °C/min.
The crystal structure was studied with Rietveld refinement of X-ray diffraction (XRD) pattern using the GSAS software, the measurement was performed at room temperature using a PANalytical X'Pert's X-ray diffractometer with Kα-Cu radiation (λ = 1.54064 Å). The surface morphology was observed by scanning electron microscopy (SEM) with secondary electrons using a Zeiss electron microscope and composition was checked with EDS. Magnetic measurements of magnetization as a function of temperature were performed in the zero-field-cooled (ZFC) -field-cooled (FC) mode under magnetic applied field of 1 kOe; measurements of magnetization as a function of applied field were taken at 50 K with a VersaLab magnetometer of Quantum Design.
Results and discussion
In the previous study [16] the GD was used as supplement in the production of CMMO using a resistive furnace. In this study the parameters of GD were optimized to perform the synthesis without using a conventional resistive furnace. The XRD patterns taken at room temperature for CMMO-A and CMMO-B are displayed in Fig. 2 . The samples show peaks corresponding to single phase. The data was analyzed by Rietveld analysis using the GSAS software, the refined patterns are shown in Fig. 3 . The structural refinement was performed in an orthorhombic system with space group Pnma. Fitted parameters like atomic positions, lattice parameters and others are summarized in Table 1 . The JahnTeller distortion of the MnO6 octahedral was calculated using the equation [17] :
where (d Mn-O ) i is the Mn-O bond distance and < d Mn-O > is the average. The rotation angle θ R and tilt angle θ T were calculated as (90-φ)/2 and (180-θ)/2 respectively, in which φ is the angle among oxygen atoms on the ac plane and θ is the angle among Mn/Mo-Oap-Mn/Mo along b axis as is displayed in Fig. 4 .
The results evidence a decreasing of a, b, and an increasing of c parameter for CMMO-A and CMMO-B in comparison with samples previously produced by conventional solid state reaction method using resistive furnace [8] . It is found that lattice parameters, cell volume, atomic positions, bond distances, bond angles and rotation angle for both samples CMMO-A and CMMO-B are very similar. The lattice parameters satisfy the a≈b/√2≈c relation, it indicates a pseudocubic phase O* type. According to the Jahn-Teller distortion term and the absolute rotation angle, the values in CMMO-B are larger than in CMMO-A. From the above results it is concluding that both processes allow to obtain the same crystal structure at room temperature with similar unit cell size and just a little variation in the rotation octahedral. The surface microstructures of CMMO-A and CMMO-B samples are shown in Fig. 5 and Fig. 6 . The morphology exhibits a regular and well-defined grain shape in both samples and these are equivalent to that obtained by using conventional synthesis route with resistive furnace [8] . From the figures, it is noted that the grain sizes in CMMO-A and CMMO-B are slightly less than in the previous work [8] , such behavior is related to the short time of heat treatment in the present work, whereas the sintering time using resistive furnace is longer and favors grain growth. The micrograph taken at 2000 X for CMMO-A reflect pores and less homogenous surface than in CMMO-B. According to this, the intermediate grinding induces the pore occurrence. The remarkable fact is that the morphology in both cases is similar and corroborate the morphology reported beforehand [8, 16] . The lack of craters in the microstructure of the samples reveals that the energy of the plasma particles that collide with the surface of the samples are not large enough to erode them and allows to preserve the same microstructure exhibited during the synthesis performed in resistive furnace. EDS analysis does not show additional elements (see Table  2 ). The data reveals that samples have compositions close to the stoichiometric values (Ca 27.24 %, Mn 33.61 %, Mo 6.52 %, O 32.63 %), the slight difference is caused by the bombardment of plasma particles on the surface sample. Magnetic measurements performed on CMMO-A and CMMO-B as a function of temperature in a zero-field-cool (ZFC)-Field cool (FC) cycle under 1kOe and as a function of applied field at 50 K are displayed in Fig. 7 . Below ~105 K the ZFC-FC curves exhibits an enhancement of the magnetization for both samples (Fig. 7a and Fig. 7b) , the hysteresis loop performed at 50 K shows a weak ferromagnetic (FM) component without magnetic saturation, a larger FM component is evident in the CMMO-A sample than in CMMO-B (Fig. 7c and Fig. 7d) . The ZFC-FC curves shows a peak around 174 K and 105 K, these features correspond to the temperature where a structural transition takes place (T) and the Néel temperature (TN) respectively, according to previous results [10] . The values of magnetization at 50 K, T N , T E and the temperature at which the ferromagnetic component arise, T FM , are listed in Table  3 .
The values of T N , T E with their corresponding magnetization for sample CMMO-B has a value bigger than the sample CMMO-A, with a difference of 0.5 K, 6.4 K and 1.1, 2.1 emu/g respectively. On the other hand, the values of T FM and magnetization at 50 K for sample CMMO-B are lower than the sample CMMO-A, with a difference of 6.6 K and 21.1 emu/g respectively. The difference in these parameters is attributed to differences in the microstructure due to intermediate grinding performed between 700°C and 900°C.
Conclusions
CMMO sample was produced by using GD under ArgonAir atmosphere at maximum temperature of 900 °C. According to morphology, the particle shape of samples synthesized by GD is similar in comparison with sample processed by conventional resistive furnace. At room temperature the samples produced by GD exhibit the singlephase indexed with space group Pnma. The lattice parameters, atomic positions, bond lengths, bond angles and tilt angle are similar. The Jahn-Teller distortion and rotation angle are larger when intermediate grinding does not occur. Both samples synthesized by GD exhibit the structural and Neel transition characteristic of this compound. The FM signature is observed in both samples with a reduction of 4 times in its magnitude when intermediate grinding does not take place. In addition, the bombardment of the plasma particles on the samples is not so aggressive as to alter its microstructure at bulk level. The use of GD in this work reduces the time, from 216 to 4 hours and the heat treatment from 1250 to 900 °C in comparison with conventional synthesis route using a resistive furnace.
